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Abstract 
Recent trends in the use of 360degrees videos have led to a proliferation of studies 
that point to its potential in different application domains. A notable example of this 
potential is shown in the development of tools for educating and evaluating students 
in multiple disciplines. A search of the literature revealed there is a lack of research 
in the visualization of users’ navigation patterns and behavior while watching a 
360degree interactive video in educational scenarios. There is a need for analyzing 
this behavior in order to help the teachers to evaluate their learners, and also 
understand how they are using this educational tool. To address this necessity, the 
creation of an approach was proposed. To gather for the approach’s technical 
requirements, meetings with nursing teachers and experts in the visualization field 
were conducted. This approach turned into the second version of Xcalpel (Xcalpel2.0) 
which was developed as the solution to this problem. To visualize users’ navigation 
behavior, an interaction dataset from 16 groups of medical students was used in this 
application. Two user studies were performed focusing on the interactions of the user 
with the application, having the user experience as one of the main factors for its 
evaluation, regarding media technology standards. The first user study was performed 
with two nursing teachers stressing the pedagogical value that the approach adds to 
the educational experience, and a second one was performed with four visualization 
experts in order to evaluate the visualization approaches from a technical point of 
view. The initial outcome from those sessions showed that Xcalpel2.0 achieves the 
set requirement and objectives. These results also allow seeing the advantages and 
drawbacks that the application presents, while knowing which developed 
visualization approaches are more suitable for solving the detected necessity. The 
aspect of the comparison between 360degrees video users had been successfully 
implemented, as well as the analysis and visualization of the navigation patterns in a 
360 space, which makes out of Xcalpel2.0 a useful tool for assessing the performance 
into an interactive 360degrees video in educational scenarios.  
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1 Background 
In recent years, there have been an increasing interest in the use of 360degrees videos 
in different application domains (e.g., eHealth, eLearning) [1][2][3]. Specifically, it 
is used as a tool for training and assessing learners in several disciplines. The main 
advantages found in the literature are a better method of retaining knowledge in a 
long term, encouragement to study through a more dynamical learning approach and 
being able to access the learning scenarios in more realistic environment [4]. 

A 360degrees video defined as follow: “spherical video, better known as 360degrees 
video, involves a 360-degree view of the scene captured from a single point. The 
mapping of the recorded video is done over the surface of a sphere” [5][6].When this 
technology is used, it is only possible to access to a portion of the full video displayed 
on the sphere also known as viewpoint which has a certain pitch and yaw values. The 
user watches the video from the viewport which is the center of the 360 sphere. The 
user can view the 360degrees videos through either head mounted devices (HMD) or 
2D displays (e.g. computer screen, smartphones, tablets). The user can change the 
viewpoint by interacting with the sphere through several input methods such as screen 
dragging by mouse, device movement with gyroscope sensor in order to get an 
immersive video experience[6]. 

In the year 2018, the Computer Science & Media Technology Department at Linnaeus 
University has developed the 360 interactive video prototype for training nurse 
students in patient trauma treatment [7]. The term “prototype” will be used in this 
thesis to refer to 360degrees interactive video. This prototype makes it possible for a 
group of nursing students to interact with a 360degrees recorded video available 
online via web browser. This interaction involves the movements that the user 
performed in the viewpoint, video bar interactions (e.g., play, pause) and the question 
interactions called hotspots.  The hotspots are HTML5 based content added to the 
video and pop-ups in a specific timeline, which display some video related 
information or a question. The prototype allows collecting and storing all these 
interactions in a dataset. In order to visualize and analyze this collected data the 
Xcalpel 1.0 was developed by me [6]. Xcalpel 1.0 application offers the visualization 
of different interactional events (hotspots interactions, answers on the questions) as 
2D descriptive statistical graphs and charts. The study with 16 groups of nursing 
students (5 students in each group) at Health Care Department, LNU performed in 
December 2018 in order to collect the user interactions with prototype and analyze it 
with Xcalpel 1.0 application [6]. According to the feedback received from experts at 
the Department of Health and Caring Sciences, all expectations and technical 
requirements were fulfilled. Additionally, the received feedback also revealed that in 
addition to 2D descriptive statistical graphs and charts it will be interested to explore 
how group of students navigate in the 360degrees interactive video and which 
interactional events belongs to which video scene and timeframe. Therefore, this work 
will focus on analyzing and visualizing the camera movement’s data collected from 
16 groups of nursing students watching 360-degree interactive video. 
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Now that the background has been presented it is important to introduce the 
terminology that it is going to be used along his work. 

2 Terminology 
In this thesis, the following terms are defined and described:  

• The “movement interaction” refers to any camera movement performed 
while using the 360degrees video in the prototype. Specifically, these are 
generated by holding and dragging the mouse cursor in the 360degree video 
viewer. 

• The “pitch” refers to one of the spherical coordinates from the movement 
interaction data collected in the dataset. This one determines the vertical 
direction of the camera, and its range is from -90º to +90º. 

• The “yaw” refers to one of the spherical coordinates from the movement 
interaction data collected in the dataset. This determines the horizontal 
direction of the camera, and its range is from -180º to +180º. 

• The “viewpoint” refers to the combination of pitch and yaw in the spherical 
environment.  

• The “navigation path” refers to the sequence of viewpoints that the prototype 
user view while watching 360degrees video.  

• The “navigation pattern” refers to the similar/common user’s navigation 
behavior and has a similar structure of pitch (pitch navigation patter) or yaw 
(yaw navigation patter) values over the video timeline. A more detailed 
description is provided in the following Section. 

• The “sensitivity threshold” refers to the percentage number (range from 0% 
to 100%) that is needed to be selected in the navigation pattern detection 
process in order to specify which is the limiting factor to consider that a 
navigation path belongs to a navigation pattern.  

• The “pattern-components” refers to the navigation paths that according to a 
selected sensitivity threshold belong to the same navigation pattern group and 
the average of their viewpoint values result in the navigation pattern itself.  

• The “prototype user” refers to the user (generally student or group of 
students) that used the prototype and its performance is recorded in the 
dataset. Since the analyzed data collected from the prototype belong to groups 
of students (each group acts as a single prototype user), the terms “group”, 
“all group”, and “single group” also appear in the text referring to the same 
prototype user concept. 

• The “application user” refers to the user (generally a teacher) that uses the 
developed approach (Xcalpel2.0) to evaluate the learning content of the 
360degrees video and prototype users by analyzing the 360degees video 
dataset.  

Once the terminology has been presented and, rewriting what was mentioned few 
lines before, in the next Section, the theoretical foundations in which the navigation 
pattern is based, are going to be described. 
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3 Theoretical Foundations 
3.1 Navigation pattern detection approach 
First of all, it is important to mention how the yaw and pitch data was collected by the 
prototype [7]. A single dataset line is generated each time when a prototype user 
performs any movement interaction. This line includes yaw and pitch from the 
viewpoint at the clicking moment and the timeline instant in which the click was 
performed. Thus, from each prototype user, a different number of dataset lines are 
generated and at different timeline moments (not preset in the prototype). This is the 
reason why the first step is sampling this data (repeating the same data in a 
determinate frequency rate). After this process, there are the same number of 
movement interactions per each user (one per second) collected into an array.  

The pattern detection is based on (i) finding how similar is one navigation path when 
compared with each of the other existing navigation paths, and (ii) deciding which 
navigation path belongs to the same pattern-components set according to a chosen 
sensibility threshold. Finally, (iii) calculating and drawing the navigation pattern line 
itself. The following paragraph explains these three steps in detail based on example 
of yaw navigation pattern (respectively for pitch navigation pattern). 

Let A and B represent any navigation path from a prototype user and Ai, and Bi will 
represent their yaw data at the i-second; also, N=50 movement interaction into the 
paths. In order to detect (i) how similar A is to B, each Ai is compared with its 
corresponding Bi, so that, the distance (absolute value of the subtraction) is calculated 
second by second. All the results from each subtraction are summed together 
obtaining the absolute deviation between the A and B. Then this result (i.e., 8000) is 
divided by the number of movement interactions obtaining the absolute deviation per 
single data (in this particular example: 8000/50=160). Since the maximum deviation 
that can be theoretically reached between any yaw data is 360 (180 for pitch data) 
(i.e., Ai = -180, Bi= 180), the last result is normalized, dividing it by 360 (in this 
particular example 160/360 = 0,441). Finally, this number is multiplied by 100 and 
rounded so that the final result is a percentage (in this particular example 44%, after 
this process it is possible to affirm that ‘A has a 44% of deviation with B’). This 
process is summed up in equation (1), being 𝐷!", the percentage deviation between 
A and B.  

 
 𝐷!" = #

∑ |𝐴# − 𝐵#|$
#%& 	

360
∗ 100/ 

 

( 1 ) 

After the deviations among all the prototype users are calculated and collected (into 
an array), the next sub-process can take place. (ii) Once the sensitivity threshold (0-
100%) is chosen, there will be considered as pattern-components all the navigation 
paths that share a percentage deviation, which is lower than the selected number. 
Finally, (iii)the navigation pattern corresponds to the average (second by second) of 
all the navigation paths from the same pattern-components set. This process is 
summed up in equation (2). Where, Pi, the yaw data at the i-second of the navigation 
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Figure 3.1.1. Example of elements 
involved in the sub-process (i) and (ii) of 
navigation pattern detection 

Figure 3.1.2. Example of elements 
involved in the sub-process (iii) of 
navigation pattern detection 

pattern that had been detected; A, B, C, …, Z pattern-components; and M is the number 
of pattern-components.  

 𝑃# =
𝐴# + 𝐵# + 𝐶# +⋯+ 𝑍#

𝑀
	 ( 2 ) 

 

Regarding this process, it is important to mention that a navigation pattern will be 
considered as detected when at least two navigation paths belong to it. Additionally, 
the same navigation path can be part of more than one set of pattern-components at 
the same time since it shares some similarities with navigation paths from different 
navigation patterns. It is also interesting to mention three particular facts: (a) the 
minimum number of detected patterns is zero (if the threshold is very restrictive/low); 
(b) the maximum number is equal to the number of navigation paths analyzed; (c) if 
the sensitivity threshold is very high (i.e., 99%) then, only one navigation pattern will 
be detected, that is, all the navigation paths belong to the same navigation pattern 
since the deviation of all the navigation paths is lower than that sensitivity threshold 
number.  

Summarizing, in this project, a navigation pattern is mathematically defined as the 
average of the navigation paths which were detected as similar according to a 
sensitivity threshold factor. 

Figure 3.1.1 and Figure 3.1.2 displays another example of navigation pattern 
detection through a schematic representation. In Figure 3.1.1, there are three 
navigation paths generated by three prototype users as an example. After calculating 
the percentage deviation, the results are: Yellow-Blue Deviation = 4%; Violet-Blue 
Deviation = 17%; and Yellow-Violet Deviation = 16%. If the sensibility threshold is 
set to 10%, it can be observed that yellow and blue navigation paths belong to the 
same navigation pattern, and they represent the pattern-components. Then, the pattern 
is detected by calculating the average (see equation 2) and visualized in Figure 3.1.2 
as thick green line. 
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Taking into account the concepts treated in the current Section as well as in 
Background Section and Terminology Section it is possible to present the main focus 
of this project, extracted from a detected problem while exploring related literature. 

4 Problem formulation 
A search of the literature revealed few studies which explore the user’s navigation 
patters, path or the behavior of users watching 360degrees videos [8][9][10]. These 
studies provide the data collection, the datasets of head and eye movements for 
360degrees videos, and statistical analysis to find similarities in users’ navigation 
patterns. 

According to them, a deep analysis of users’ navigation patterns in 360degrees videos 
has not been thoroughly studied yet. Additionally, no research has been found with a 
focus on the visualization of users’ navigation path and the most visited viewpoints 
in 360degrees interactive video, specifically, when using the 360degrees video 
approach in the context of an educational scenario. Visualization techniques can help 
to understand the users’ navigation patterns and find similarities between them 
[11][12]. Understanding the users’ navigation path and patterns with an educational 
purpose in a 360degres educational scenario is beneficial for teachers by adding a 
pedagogical value to the original learning process (e.g., improving the questions 
content and learning scenario such as add/remove questions in specific place and 
timeline in the video) and for 360degrees video content creators (e.g., improving the 
image/frame quality, switching from one video scene to another).       

Summarizing, the following problems can be identified: 

• Few studies have investigated the users’ navigation patterns in 360degrees 
videos. 

• There is a lack of research in the visualization of users’ navigation path and 
visited viewpoints in interactive 360degrees videos in educational scenarios.   

In order to address these problems, the following research question are derived: 

RQ1 How to analyze and visualize the user’s navigation patterns in 360 space in an 
educational context?  

RQ1.1. What are the technical requirements for creating a tool to visualize 
360 video navigation patterns? 

RQ1.2 What information should be provided to the viewer of the 360 
educational video navigation analysis and for what purpose? 

RQ2 Considering the 360 educational video navigation analysis tool implemented, 
does its effectiveness and added pedagogical value represent a benefit for nursing 
teachers? 
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RQ1.1 aims to identify and gather the technical requirements from nursing teachers 
and experts in data visualization.  

RQ1.2 aims to explore which relevant information should be displayed in which 
graphical representation towards an educational and pedagogical context. For 
instance, the visualization of the user’s navigation path to help to identify similar 
user’s navigation patterns and therefore investigate the effect that this approach has 
on the students and in the teaching process.  

RQ2 aims to explore which are the benefits that the implementation of the analysis 
tool can have on the teaching experience of nursing teachers and which is its 
pedagogical added value. 

Now that the problem has been formulated the next steps in the three following three 
Sections (Section5, Section6 and Section7), which involve: (i)subdivide the problem 
into simple objectives in order to solve it; (ii)present the scope of this thesis; and 
(iii)define the limitations. 

5 Objectives 
The aim of this thesis is to study, design and develop a suitable approach to visualize 
and analyze the user’s navigation paths, identify users’ navigation patterns, and 
visualize the visited viewpoints in interactive 360degrees video in educational 
scenarios.  

The following table summarizes the main objectives. 

O1 A search of relevant literature about existing approaches for visualization of 
users’ navigation paths and for identifying the users’ navigation patterns. 

O2 Identify which visualization techniques (graphs/charts) will be used for 
visualizing the collected camera movements’ data.  

O3 Develop a visual interface for teachers in order to analyze and visualize the 
users’ navigation paths and patterns in 360 interactive video. 

O4 Perform a user study with the main target groups. 

 

6 Thesis Scope 
In this work only spherical coordinates (pitch and yaw) and timestamp were used to 
construct the user’s navigation path, and to take a video snapshot to visualize the 
user’s viewpoints.  Also, I do not create a new graphs/charts but rather use the existing 
ones (2D graph) and visualize it as additional visualization layer on top of the 360-
degree images.  
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The proposed approach does not provide automatic feedback for teachers/data 
visualization experts about which users navigation path is good/bad. These tasks 
belong to the teacher and should be possible to do by using the visualization 
approaches provided by the approach. 

7 Limitations 
This work use only one 360degrees interactive video in eHealth domain and with datasets 
collected from 16 prototype user (each prototype user is a group of nursing students) which 
contains around 800 datapoints of camera movements records. The use of 360degrees videos 
from another application domains is out of the boundaries of this thesis. Regarding the work 
presented by other researchers, only five papers are presented in this project (Section 8) since 
there is only a little number of documentation available about the topic explored in this thesis. 

After explaining these three Sections, in the following one the related work is going 
to be presented. In this related work, the already introduced problem was detected, as 
well as some ideas for the approach were obtained. 

8 Related work 
A search of the literature revealed few studies, which explore the user navigation 
patterns while watching a 360degrees video. All of the papers mentioned in this 
Section have some similarities with the approach proposed in this thesis. All of them 
focus on the analysis of user behavior and the visualization of navigation patterns.  

8.1 Visualization approaches for 360degrees dataset 
Wu et al. detected a lack of datasets where 360degrees video user behavior was 
collected. To address this problem, they created a dataset that includes the head 
movements tracking from 48 users while viewing 18 videos (2 to 10 min of duration) 
in two different experiments from 5 different video categories. These two experiments 
attend two different situations: “natural user behavior in a new virtual environment” 
and “live VR streaming” respectively. This dataset aimed to be used for studying how 
the user interacts and explores the 360degrees videos; which were the region of 
interest of a particular video; and finding similar patterns among the users in a virtual 
environment. After collecting the dataset, they study the characteristics and statistics 
of the data by plotting them through several visualization approaches (i.e., density 
maps projection over equirectangular video images, and 3D space graphs). 
Additionally, they promoted some examples of the usefulness of this dataset [10]. It 
is important to point out that, although Wu et al. dataset is larger than the explored in 
this project and open for researchers, it is not used in this project for two reasons. 
First, the target data in this project is collected from users watching the 360degrees 
videos in a computer screen (not with head-mounted devices). Second, the dataset 
used is for educational purpose. 

Chittaro et al. aimed to analyze the navigation pattern of Virtual Environment (VE) 
users. To achieve this objective, they developed a tool named VU-Flow (Visualization 
of Users’ Flow) which can analyze and visualize the navigation patterns in 3D 
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computer-generated environments from users, virtual character, and even vehicles. 
This is a polyvalent application that is not targeting events from any specific VE but 
provides an offline visual analysis of any VE. This application involves multiuser or 
single user behavior. Its focus is on helping to answer questions that involve 
navigation such as searching for common navigation patterns; most frequented areas; 
and interesting VE objects. Some of their visualizations involve hedgehog arrows as 
well as color overlays mapping over a 2D scheme from the VE. In order to evaluate 
the effectiveness of VU-Flow, they performed three studies after recording its 
navigation log (3D position and orientation). They concluded that the application was 
able to discover similar patterns as well as point out crucial spaces and moment in the 
several VEs [12]. 

Cadez et al. aimed to analyze the visualization of user behavior patterns on a web site. 
To achieve this objective, they implemented an application called WebCANVAS 
(Web Clustering ANalysis and Visualization of Sequences). This application is able 
to divide the users into clusters, according to the similarity of their performance (web 
requests) into a web. Each cluster includes user interactions which involve the request 
web content and preferences. Specifically, they user-traffic from msbc.com and news-
section from msn.com on a particular day. Although this application can manage the 
data from around one million users, they decided to use a reduced sample of 100000 
and 100 clusters for a user study. In this study, the application first divided the user 
according to their behavior in clusters. Then, the user behavior could be observed in 
the different windows (one per cluster). After this experiment, the tool was used for 
highlighting some conclusions, such as the main interests on the web [11]. 

Duanmu et al. made a study in which a dataset was created and analyzed. This dataset 
contains the video movements from 50 viewers watching 12 different 360-degrees 
videos. The videos were displayed on a computer screen, where the viewers used the 
mouse to navigate and interact with the video. The dataset is formed by .csv files 
which have three information columns (time, yaw and pitch). This paper aims to 
analyze the behavior of the viewers while watching different contexts (movie, show, 
game, tour, and sport). They analyze the navigation behavior depending on the 
streaming content of the 360degrees videos on a computer screen and, additionally, 
they make a comparison with collected datasets from previous studies that involve 
head-mounted devices instead of a computer screen in order to make the difference 
in the navigation behaviors depending on the used device. They extracted three 
conclusions: (i)different 360degrees video users present similar navigation patterns; 
(ii)the performed movements during the 360degrees video visualization depend on 
the video content; (iii)when using a screen instead of an HMD, the dataset shows 
static zones in the navigation path[9].  

Corbillon et al. made a study whose aim was to investigate the behavior of viewers 
while using 360degrees videos on a Head-Mounted Display. They developed and 
described an open-source software prototype for collecting the interaction data. After 
the study, they collected a dataset with the head movements from 59 users while 
watching five different omnidirectional videos of 70 seconds each. The final goal of 
this study is to analyze the navigation pattern that the users perform while using an 
HMD and how these navigation patterns were related to the content that was displayed 
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in the video. The primary motivation for this research was to make more efficient the 
use of the bandwidth (since its consumption is more relevant in this kind of videos 
than in the regular ones) avoiding the transmission (or minimizing the quality) of the 
parts of the omnidirectional video that are not the usual focus of attention of the user. 
They aim to analyze the speed users movements, their behavior depending on the 
video content[8]. The main difference with Corbillon et al. paper is that they made 
the analysis of HMD movements instead of the behavior within a computer screen 
interaction. Also, they are facing a content-related analysis of the pattern while the 
analysis in this thesis is focused on just one kind of video which is indeed much longer 
(approx. 20 min) with educational content. 

The approach presented in this project is partially based on some of the visualization 
approaches exposed by the mentioned authors: From Duanmu et al. the scatterplot 
graphs and the line pitch/yaw line graphs (see Figure 8.2.1 and Figure 8.2.2) similarly 
implemented by Wu et al. (see Figure 8.2.3 to Figure 8.2.5). Another graph presented 
by Wu et al. (see Figure 8.2.6) was the base for another visualization approach, which 
was finally rejected (this can be observed in Figure 9.1 in Appendix 1).  

In comparison with all approaches that are showed in this Section, the two main 
characteristics from the approach presented in this project are that it is focused on 
analyzing data from (i)360degrees interactive video; (ii)and with an educational 
purpose (within education scenarios). 

8.2 Visualization Examples 
The visualization approaches used with the dataset that Duanmu et al. generated in 
their study can be seen in the images displayed below. The first and the second image 
column from Figure 8.2.1 show a visualization approach based on a scatterplot over 
an equirectangular image used for displaying the distribution of the focus from the 
360degrees video users. In the third column of the image, another visualization 
approach is showed. There, the actions from the viewers are displayed in a heat map. 
Both visualization approaches aimed to display the view center distribution 
(equivalent to viewpoints distribution). The user trajectory analysis (equivalent to 
navigation path) from sample viewers is provided in two-axis line graphs (yaw over 
time and pitch over time). Analyzing these graphs, Duanmu et al. were able to extract 
some conclusions, i.e., the horizontal movements are more relevant than the vertical 
ones (see Figure 8.2.2)[9]. 

 
Figure 8.2.1. Focus Distribution Analyses over Different 360-degree Video Contents. First and Second 
Columns: View center plots at different times; Third Column: View center plot over the entire video 
clip. (Author: Duanmu et al.) 
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Figure 8.2.4. Participants’ 
gazing directions during the 
viewing the 2th of Experiment 1, 
(02’07’’) (Author: Wu et al.) 

 

Figure 8.2.5. Density maps of 
participants’ gazing directions of 
Experiment 1 No 2 (Author: Wu 
et al.) 

 

Figure 8.2.3. Participants’ 
gazing directions during the 
viewing the 4th of Experiment 
2, (00’05’’) (Author: Wu et al.) 

 
Figure 8.2.2. View Center Trajectory Plot. Each color corresponds to a specific participant. (Author: 
Duanmu et al.) 

The visualization approaches used by Wu et al. in their study to analyze their dataset 
can be seen in the figures displayed below. These visualization approaches are similar 
to the ones described above. The viewpoints distribution is seen in Figure 8.2.3, 
Figure 8.2.4 and Figure 8.2.5 thought a scatterplot representation over an 
equirectangular image and a heat map. The navigation paths are displayed in Figure 
8.2.6 through three-axis graphs [10].  

    

 

 

 

 
Figure 8.2.6. The paths of participants’ gazing directions between 60’’ and 120’’ in 3D space. First 
Column: Exp. 1 No 2; Second Columns: Exp. 1 No 3; Third Column: Exp. 2 No 4. (Author: Wu et al.) 

The approach of visualization for the analyzed data that Chittaro et al. used in this 
study can be seen in the figures displayed below (see Figure 8.2.7 and Figure 8.2.8). 
In both visualization approaches the navigation path/pattern is showed over a 2D map 
of the virtual environment [12].  
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Figure 8.2.7. Visualization of individual 
paths and current fields of view using VU-
Flow (Author: Chittaro et al.) 

Figure 8.2.8. VU-Flow visualization 
concerning an experiment involving 30 users 
that had to reach a target in a virtual building 
with the help of an electronic navigation aid. 
Users’ flow (color indicates flow intensity) 
using the Enhanced IDraw technique (Author: 
Chittaro et al.) 

 

 

 

 

 

The visualization approach for the analyzed data that Cadez et al. used in this study 
can be seen in the figures displayed below. This visualization approach displays some 
of the clusters generated by the application. Each cluster from each window displays 
rows of squares. These squares are web user requests, and each color represents a 
different category (see Figure 8.2.9)[11].  

 
Figure 8.2.9. Initial display of msnbc.com data using WebCANVAS. Each window corresponds to a 
cluster. Each row in a window corresponds to the path of a single user through the site. (Author: Cadez 
et al.)  

After exploring the different approaches that other researchers have written about, the 
methodology followed along this project must be described. 



 

12(54) 
 

9 Method 
The methodology was performed in several steps (see Figure 9.1.). Several meetings 
with nursing teachers at Department of Health and Caring Science were conducted in 
order to gather initial requirements, needs, and to answer the RQ1.1. In addition, the 
search of relevant literature was conducted (see Section 7) to check existing solutions 
and approaches that were relevant to the identified requirements. The gathered 
requirements (Subsection 10.3) were analyzed and according to them several 
visualization mockups were designed and presented to the nursing teachers (see 
Figure 10.4.1 – Figure 10.4.6). The nursing teachers provided the feedback that was 
used to re-fine the mockups. Additionally, a meeting (presenting the mentioned 
mockups) with an expert in data visualization field was conducted in order to get 
insights and feedback about the used visualization techniques. This feedback was 
used to re-fine and re-design the visualization techniques. Both feedback, obtained 
from the nursing teachers and the visualization expert, can be seen in Feedback and 
insights Section in Appendix 1. Afterwards, based on the received feedback about the 
mockups, the Xcalpel2.0 application was designed and implemented (Section 10).  

Two user studies (described in Subsection11.1 and Subsection11.2) were conducted 
with participants from the target group (nursing teacher) and visualization experts. 
The user study that involved visualization experts aims to validate whether the 
information displayed in the visualization approaches of the Xcalpel2.0, were suitable 
to analyze and visualize the navigation path and patterns (in an interactive 360degree 
educational environment), and therefore, answer RQ1.2. On the other hand, the user 
study performed with nursing teachers aims to evaluate the pedagogical value of the 
application itself as well as its usability and its ease of use.  

 
Figure 9.1. Methodology 

9.1 Search relevant literature 
A literature review has been conducted in order to find relevant information to the 
defined research questions (RQ1). The following databases used: IEEE Xplore, ACM 
and Google Scholar. The search was done by using the following keywords: 
“Navigation 360”, “Path 360”, “Pattern 360”, “Visualization data 360”, “Nursing 



 

13(54) 
 

360”, “Nursing training 360”, “Pitch yaw Virtual reality”.  An exclusion criterion 
is the papers older than five years were excluded from the review. Overall 19 relevant 
papers were found according to their title and keywords. After reading of their 
abstract and conclusion sections the number of papers reduced to 2 papers. Using 
references in related work sections retrieved new papers. In total 5 papers were found 
and reviewed. Some ideas described in these papers were used as initial, starting point 
for designing the mockups with respect to gathered requirements. 

As mentioned in in this method, the meeting with the experts lead us to the 
implementation process, where the proposed approach to solve the problem is 
described. 

10 Implementation 
10.1 What is Xcalpel2.0? 
Xcalpel2.0 is the second version of the original application Xcalpel developed and 
presented in the previous thesis project [6]. This new version is focused on the 
analysis of the movement interactions performed by the prototype users [7]. The 
analysis performed by this application involves the visualization of the viewpoints; 
displaying the navigation paths; and detecting similar navigation patterns among 
them. The new application features are described in Subsection 10.3. 

10.2 Technologies used in Xcalpel2.0 
Technologies are described more detailed in the previous thesis [6]. However, the 
leading technologies are briefly presented below  

Xcalpel2.0 is an online REST application. It uses Node.js as the server-side 
environment, which is JavaScript-based; and as the client-side requests manager 
(GET, POST). It has Express as the development framework supporting the REST 
API on its server-side and making it possible to use uses Handlebars.js as a templating 
engine, allowing a clear and easy coding task. Additionally, all the required 
algorithms needed in the analysis task in Xcalpel2.0 are programmed based on pure 
JavaScript [6]. The data required by the application is managed from the server-side 
by using MongoDB technology, which is a NoSQL document-oriented database 
which, combined with Mongoose technology, make it possible to have flexible 
database access with a schema structured model. Regarding the database, its structure 
is not mentioned in this project since it is detailed presented in the previous thesis [6].  

Finally, since one of the main features in Xcalpel2.0 is the visualization, it is 
important to mention the technologies involved on it. First of all, cite D3.js and 
dimple.js, which are the main libraries used for plotting the data after its analysis, 
using interactive features in the graphs and charts. These visualizations are detailed 
described in Subsection 8.3 below. On the other hand, in this version, two new 
libraries are used, which are VideoJs and Pannellum.js. The first one allows the 
application to create a video player in order to get to the equirectangular video used 
while the performance of the prototype user, which combined with Pannellum.js, 
provides access to a particular viewpoint of the spherical video. Specifically, 
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Pannellum.js allows the application to create a 360degrees viewer, and thanks to this, 
the application can access to a specific pitch and yaw data as well as provide a 
spherical viewer of an equirectangular image. This technology also allows adding 
computer-generated elements into the spherical image, having access to extra 
information while using the visualization approach in which this is involved. As 
mentioned before, a more detailed description of the visualization approaches is 
provided below. 

10.3 Functional Requirements 
Based on the received comments from the first meetings with the nursing teachers, 
the functional requirements that the analysis tool needs to have were identified. These 
represent the answer to the RQ1.1:  

(a) Provide the visualization of the camera data for a single prototype user and all 
prototype users; 

(b) It should be possible to compare the navigation path and viewpoints between 
different prototype users; 

(c) Provide the visualization for the viewpoints and how much time spend in these 
viewpoints in 360 space with taking into account the timeline information. 

(d) The visualization should be interactive and provide the information about the 
viewpoints besides the pitch and yaw values (e.g., 360 video/image snapshot) 
to better understand in which moment the prototype user sees which viewpoint.  

10.4 Visualization Approaches Mockups 
As mentioned in Section 9 and based on the functional requirement presented in 
Section 10.3 the following mockups were created. These were used for further 
discussions of the mockups with experts and therefore determine which were the 
important information that should be displayed. These mockups are presented in 
Figure 10.4.1 - Figure 10.4.6. Each mockup image is presented together with a 
description of the feature represented as well as how this approach can be used and 
some extra indications.  

Therefore, the following mockups represent the answer to RQ1.2 as well as the 
method that was used for determining which would be the final features to be 
implemented using the gathered feedback and insights from the experts. 
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Figure 10.4.1. Path Comparison mockup with feature description and possible user case. 
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Figure 10.4.2 Scroll action mockup with feature description and possible user case. 
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Figure 10.4.3 Heat map mockup with feature description and possible user case. 
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Figure 10.4.4 Question Images mockup with feature description and possible user case. 
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Figure 10.4.5 Zoom in & critical moments mockup with feature description and possible user case. 
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Figure 10.4.6 Pop-up Images mockup with feature description and possible user case. 
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Using the information gathered from the nursing teachers and the visualization 
experts after showing them these mockups, the visualization approaches described 
below were implemented. 

10.5 Application visualization approaches 

10.5.1 Viewpoints visualization - Visualization approach 1: Viewpoints 
Distribution Visualization 

The propose of this visualization approach is to render the viewpoints of all the 
prototype users from a single study at the same time. The visualization approach is 
divided into two visualization features.  

(1) The first visualization feature is a two-axis scatterplot graph (pitch over yaw) with 
variable-size interactive bubbles (see Figure 10.5.1.1). The graph allows the 
application user to render the viewpoints from the wanted prototype users and hiding 
the others by filtering, using the interactive legend. Each bubble in the graph 
represents a single viewpoint. The information that can be obtained by the application 
user in each bubble (before any interaction) are the (i) pitch and yaw coordinates from 
the viewpoint, which determines the bubble graph positioning; (ii)the amount of time 
spent by the prototype user in a specific viewpoint, which determines the size of the 
bubble; (iii)and the prototype user, which determines the color of each group of 
bubbles. Moreover, the filtering process involves a resizing of the bubbles, according 
to the normalization based on the biggest bubble. This can be noticed in the 
modification of the sizes of the bubbles displayed in Figure 10.5.1.3 just by adding a 
group with bigger bubbles. Extra information is displayed in the graph next to the 
bubble when performing the first interactive action (passing the mouse cursor over 
the bubble). Then, an info tag appears, displaying seven informative texts: (i)bubble 
index number; (ii)time period on the viewpoint (starting and the ending timestamp); 
(iii)timeline (iv)group (prototype user); (v)yaw; (vi)pitch and (vii)duration.  

 
Figure 10.5.1.1 First visualization feature in the viewpoints distribution visualization approach 
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(2) The second visualization feature in this visualization approach allows the 
application user to display an image from the prototype video (see Figure 10.5.1.2). 
This image is the view that the prototype user was watching at the moment in which 
the movement interaction was performed (involving the pitch, yaw, and timeline of 
the prototype video). This visualization feature is triggered by the second interactive 
action implemented in the bubbles (clicking a bubble). 

  
Figure 10.5.1.2. Second visualization feature in the viewpoints distribution visualization approach 

 

 
Figure 10.5.1.3. Bubbles resizing due to filtering interaction  
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10.5.2 Viewpoints visualization - Visualization approach 2: Viewpoints 
visualization over 360degree video content 

The propose of this visualization approach is to render the viewpoints from a single 
selected prototype user. This visualization approach allows the application user watch 
the prototype user viewpoint while navigating in a 360degrees environment 
(Equirectangular image extracted from the prototype video displayed in a spherical 
viewer) (see Figure 10.5.2.1). In this visualization approach, the viewpoints are 
represented by green bubbles. The information that can be obtained by the application 
user from each bubble (before any interaction) are the (i) pitch and yaw coordinates 
from the viewpoint, which determines the bubble positioning in the spherical viewer; 
(ii) and the amount of time spent by the prototype user in a specific viewpoint, which 
determines the size of the bubble. Extra information is displayed in the spherical 
viewer over the bubble when interacting with it (passing the mouse cursor over the 
bubble). When the mentioned action is performed, an info tag appears, displaying two 
informative text: (i) the viewpoint index (the ordered position of that viewpoint in the 
navigation path); (ii) time period (starting and the ending timestamp) on the 
viewpoint. Since this is a one-image visualization approach (the 360degrees viewer 
displays a single frame from the 360degrees video, selected during the 
implementation process), four different frames from the prototype video have been 
selected for displaying the viewpoints divided into the four more significate time 
segments. 

 

Figure 10.5.2.1. Viewpoints visualization over 360degree video content approach 
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10.5.3 Navigation path and pattern visualization - Visualization approach 3: 
Navigation path and navigation pattern visualization graph 

This visualization approach is used in two different use-cases:  

In the first use case, navigation path visualization, the aim of this visualization 
approach is to render the navigation path from prototype users in two different 2-axis 
line graphs (1)yaw over timeline graph (see Figure 10.5.3.1) and (2)pitch over 
timeline graph (see Figure 10.5.3.2). In this visualization approach, the navigation 
path of all the prototype users can be displayed at the same time, with the option of 
filtering them (simultaneously in both graphs) by interacting within the legend 
(clicking on the legend rectangles) (see Figure 10.5.3.3 and Figure 10.5.3.4). The 
navigation path lines have a different color for each prototype user displayed on the 
graph. The lines showed in the graphs are generated by the interpolation of the yaw 
over timeline data or pitch over timeline data (depending on the graph) performed by 
a single prototype user. In Figure 3.1.1 a simplification of viewpoints interpolation 
for creating a navigation path can be appreciated. Extra information is displayed in 
the graph next to the navigation path lines when interacting with the viewpoints used 
to generate the line (passing the mouse cursor over viewpoint of the navigation path 
line). When the mentioned action is performed, an info tag appears, displaying four 
informative texts: (i)viewpoint index number; (ii)group (prototype user); (iii)timeline 
(iv)yaw or pitch (depending on the graph). 

 

Figure 10.5.3.1. Yaw over timeline navigation path visualization graph (all-groups option) 
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Figure 10.5.3.2 Pitch over timeline navigation path visualization graph (all-groups option) 

 

Figure 10.5.3.3 Yaw over timeline navigation path visualization graph (all-groups option). Filtered. 
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Figure 10.5.3.4 Pitch over timeline navigation path visualization graph (all-groups option). Filtered. 

When choosing single group option (choosing any group) in the selection form (see 
Figure 10.5.3) this visualization approach only renders the navigation path from this 
group (all the information and features described above remain the same). Figure 
10.5.3.5 and Figure 10.5.3.6, show the described single group option. 

 

Figure 10.5.3.5 Yaw over timeline navigation path visualization graph (single-group option) 



 

27(54) 
 

 

Figure 10.5.3.6 Pitch over timeline navigation path visualization graph (single-group option) 

On the other hand, in the second use case, navigation pattern visualization (see Figure 
10.5.3.7 and Figure 10.5.3.8), the propose of this visualization approach is to render 
the navigation pattern from prototype users according to a sensitivity threshold 
selected by the application user.  The visualization approach already described is used 
for visualizing the patterns-component that belong to the same navigation pattern as 
well as the navigation patter line itself. This user case also involves the same extra 
information than described for the navigation paths lines before. However, the 
filtering option is not available.  

 

Figure 10.5.3.7 Yaw navigation pattern visualization graph. Before navigation pattern detection. 
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Figure 10.5.3.8 Pitch navigation pattern visualization graph. Before navigation pattern detection. 

The process for navigation patterns detection is already described in Subsection 2.1. 
As an example, with a threshold of 13%, the application detected seven yaw 
navigation patterns. Figure 10.5.3.9 shows one of these seven patterns where three 
groups have no more than a 13% difference between their navigation paths. 

Figure 10.5.2.a.9 Yaw pattern detection and visualization. Pattern nº6-Threshold 13%. 

As an example, with a threshold of 9%, the application detected 13 pitch navigation 
patterns. Figure 10.5.3.10 shows one of these 13 patterns where four groups have no 
more than a 9% difference between their navigation paths. 
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Figure 10.5.3.10 Pitch pattern detection and visualization. Pattern nº8-Threshold 9% 

10.6 User Interface  
The visual interfaces that wrap the visualization approaches showed in the last 
Section, as well as a possible use case scenario for an application user within the 
application, are described in this Section. 

Figure 10.5.1 and Figure 10.5.2 show two schemas that display all the possible 
visualization features that can be obtained using Xcalpel2.0 and how to reach them.  

 

Figure 10.5.1. Schema of user interface for All group selecting option; VA: Visualization Approach, 
UC: User Case, VF: Visualization Feature, TAG: application interactive TAG. 
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Figure 10.5.2. Schema of user interface for Single group selecting option; VA: Visualization Approach, 
UC: User Case, VF: Visualization Feature, TAG: application interactive TAG. 

It is important to point out that there are two different interfaces depending on the 
selected analysis target in the selection form (see Figure 10.5.3): (1)all group selection 
(see Figure 10.5.1) and (2)single group selection (see Figure 10.5.2) 

 

Figure 10.5.3. Target selection; Empty Video Interaction Data page. 

(1) When selecting all groups as analysis target, to access to the new application 
features the ‘Video Interaction Data’ tag should be pressed. Once inside, there are 
two option tags (see Figure 10.5.5). The first one (selected by default) is the 
‘Scatterplot’ tag, where the visualization features involved in the visualization 
approach1 are located. There, a blank space is rendered in the image space until any 
bubble is pressed as describes in the last Section (see Figure 10.5.4).  
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Figure 10.5.4. Viewpoint distribution visualization interface. First column: before interaction; second 
column: viewpoint-image after clicking on a bubble.  

 

Figure 10.5.5. Tag selection path to get into viewpoint distribution visualization interface. 

The second one is ‘Yaw & Pitch’ tag, where the visualization features involved in the 
visualization approach3 are located. Inside this tag, to user case scenarios can be 
chosen. (i)First, Path visualization (see Figure 10.5.6) (default option and accessed 
by pressing ‘Filter’ tag) (see Figure 10.5.7). 
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Figure 10.5.6. Navigation Path visualization (all group option) interface (yaw and pitch). First column: 
Before interaction; second column: after navigation path filtering. 

 

Figure 10.5.7. Tag selection path to get into navigation path visualization (all group option) interface. 

(ii) Secondly, Patter visualization (accessed by pressing ‘Patterns’ tag). If patter 
visualization user case scenario is chosen, then two visualization features can be 
displayed depending on the selected tag: (a)yaw pattern graph (default option and 
accessed by pressing ‘Yaw Pattern’ tag); (b)and pitch pattern graph (accessed by 
pressing ‘Pitch Pattern’ tag). Any of the options lead to a navigation pattern detection 
interface, which is detailed described in the next Subsection. 

 (2) On the other hand, when selecting single group as the analysis target, to access 
the new application features the ‘Video Interaction Data’ tag should be pressed. Once 
inside, there are two option tags. (i)The first one (selected by default) is the 
‘Scatterplot’ tag (see Figure 10.5.8), where the visualization features involved in the 
visualization approach2 are located. Inside of this tag, four prototype video frames 
can be displayed depending on which ‘Quarter’ tag is selected: (a)visualize the frame 
extracted from the first quarter of the prototype video (default option and accessed by 
pressing ‘1 Quarter’ tag); (b) visualize the frame extracted from the second quarter of 
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the prototype video (accessed by pressing ‘2 Quarter’ tag); (c) visualize the frame 
extracted from the third quarter of the prototype video (accessed by pressing ‘3 
Quarter’ tag);  (d)and visualize the frame extracted from the fourth quarter of the 
prototype video (accessed by pressing ‘4 Quarter’ tag) (see Figure 10.5.9). 

 

Figure 10.5.8. Viewpoints visualization over 360degree video content interface. 

 

Figure 10.5.9. Tag selection path to get into Viewpoints visualization over 360degree video content 
interface.  

(ii)The second one is ‘Pitch & Yaw’ tag (see Figure 10.5.11), where the visualization 
features involved in the visualization approach3 are located (see Figure 10.5.10) (only 
available for the navigation path user case). 
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Figure 10.5.10. Navigation Path visualization (single group option) interface (yaw and pitch).  

 

Figure 10.5.11. Tag selection path to get into Navigation Path visualization (single group option) 
interface. 

10.6.1 Pattern Detection Interface 
The second user case from the visualization approach 3 (pattern visualization) has a 
specific interactive interface that is involved in the pattern detection process itself and 
is detailed describes in this Subsection. 

When this application feature is reached (by default all the navigation paths are 
displayed in the graph) (see Figure 10.6.1.2), first the application user is committed 
to introducing a sensitivity threshold (to select the maximum deviation among the 
navigation paths) and then press the ‘Search Pattern’ button. After this action, a list 
of detected navigation patterns shows up in the dropdown menu in the right side of 
the ‘Search Pattern’ button (see Figure 10.6.1.3). When the application user selects 
any of the available navigation patterns, the pattern-components from the selected 
navigation pattern are displayed in the graph. Finally, when the application user 
presses the ‘Draw Pattern’ button, the navigation pattern line itself is displayed in the 
graph together with its patter-components (see Figure 10.6.1.1). 
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Figure 10.6.1.1. Navigation patter visualization (yaw) interface. First column: before interacting; second 
column: after navigation pattern detection and selection. 

 

Figure 10.6.1.2. Tag selection path to get into Navigation patter visualization (yaw) interface. 

 

Figure 10.6.1.3. Detected Patterns selection after pattern searching with chosen threshold. 
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10.7 General Application Architecture Overview 
Figure 10.7.1 displays the internal architecture schema of Xcalpel2.0. This shows the 
different client-server relations among the technologies used for implementing the 
application. Then, regarding the new application features implemented in Xcalpel2.0, 
the client-server relations among the application component can be observed with all 
the sent request and the obtained responses in Figure 10.7.2.  

 

Figure 10.7.1. Xcalpel2.0 Client-Server Architecture Diagram 

 

 

Figure 10.7.2. Xcalpel2.0 Components Diagram.  
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10.7.1 Use Case Diagram 
Figure 10.7.1.1 displays the User Case Diagram, which shows the main use cases of 
Xcalpel2.0. 

 

Figure 10.7.1.1 User Case Diagram. 

Once Xcalpel2.0 was developed it was needed to evaluate the application with a user 
study to test if it fulfills the requirements to solve the problem presented in this 
project. The result of this user study and its analysis is presented in the next Section.
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11 Results 
11.1 User Study Description – Visualization Experts  
In order to evaluate the visualization approaches of Xcalpel2.0, a user study was 
performed involving four experts in data visualization (PhD students, researchers, 
male/female at age 30-35 at Computer Science and Media Technology Department).  

This user study is divided into two parts, (1) performing of tasks, and (2) answering 
on Value of Visualization (VoV) questionnaire. The tasks simulate the main standard 
scenarios. In both parts of the user study, the aim is to validate the functionality of the 
visualization approaches proposed in this work.  

(1) In the first part, the participants were asked to complete 14 activities that requires 
an interaction with the application, collecting the time that the users required to 
perform them (these will be referred as Task (T)), and 7 activities that requires 
answering a question (these will be referred as Task-Questions (TQ)). All these 
activities can be seen in Table 11.1.1. The task-questions, according to their type of 
required answer, can be divided into yes/no questions (when requires a yes or a no as 
an answer) and 1-to-7 questions (when they are a 7-Likert questions). 

In order to evaluate these tasks, the time that the participants needed to complete the 
task was took on consideration. These tasks simulate the main standard scenarios that 
an application user could face during the process of assessing the performance (visited 
viewpoint, followed navigation path) from a prototype user or comparing the 
performance from several prototype users. As it can be seen in Table 11.1.1, the tasks, 
as well as the task-questions are divided into five groups of tasks, one per each 
different visualization approach and use-cases presented in Subsection 10.5. It is 
important to point out that some tasks are more critical than others and some requires 
a longer time than other to be performed (due to this, the task cannot be directly 
compared among them, and the information registered from a single task require a 
specific analysis). However, it is possible to make directly comparison and 
conclusions among the different Visualization Approaches (VA) (after the individual 
analysis of their tasks). It is also important to mention that, some visualization 
approaches involve more T and TQ than others due to the versatility level that a 
visualization approach has; specifically, VA3 requires a larger number to T and TQ 
not only for testing its functionality and comparing with other visualization 
approaches, but also compare different use-cases of the same visualization approach.  

Finally, it is important to mention that measuring the time for performing a task from 
a participant, is motivated by visualization experts’ indications. The visualization 
experts pointed out that a suitable way for evaluating visualization approaches was to 
register the performing time. This is done in order to detect any problem in the system 
(e.g. an initially simple/fast task takes more time than expected then a visualization 
problem is detected).  

(2)In the second part, the visualization experts were committed to answering an 
adapted Value of Visualization Questionnaire which involves seven 7-Likert scale 
questions and two open-text questions (see Table 11.1.2).  
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Table 11.1.1. User Visualization Tasks 

 
Table 11.1.2. Value of Visualization (VoV) Questionnaire 

 

11.2 User Study Description – Nursing Teachers  
This evaluation was created based on the collected feedback after the meeting with a 
medical expert from Sweden that was involved in the technical requirements 
collection and an educational/pedagogical expert from Spain. Additionally, a 
literature review was performed searching for pedagogical related and web-
application evaluation-model articles. This user study involved two nursing teachers 
from the Health Care Department, LNU. Being aware of the low number of 
participants in this user study, it was decided to perform an intense qualitative study. 

This evaluation is divided into three parts. (1) Freely interaction of the participant 
within the application in a guided educational framework; (2) a set of Technology 
Acceptance Model (TAM) questionnaires regarding the experience of use during part 
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(1) of the evaluation; and (3) a Pedagogical Usability questionnaire regarding the 
experience of use during part (1) of the evaluation. Both, (2) and (3) were addressed 
by using 7-Likert scale (where 1 is ‘strongly disagree’ and 7 is ‘strongly agree’). They 
also include some short open-text question.  

Part (1) involves the performance of activities within an educational/pedagogical 
framework of the evaluation. This consists of letting the participant to freely explore 
the application. This part involves not time-measurement while performing the tasks 
since the intention is to allow the participant to have an exploratory experience, and 
get familiar with the different features and Visualization Approaches (VAs) present 
in the application. Help was offered any time that the participant asks for indications. 
According to the different VA that the participant is using, different activities or goals 
are proposed (see Activities. Nursing teachers user study – part 1 in Appendix 1). The 
subjective opinion from the evaluator was annotated regarding how the participant 
has managed different situations. The proposed activities have not a pre-stablished 
correct resolution/answer, since the important point of this evaluation process is the 
user experience within the application, not the results after their performance with 
Xcalpel2.0. 

Part (2) involves several Technology Acceptance Model (TAM) questionnaires 
(Those can be found in Technology Acceptance Model (TAM) questionnaires. 
Nursing teachers user study – part 2 in Appendix 1). These questionnaires include, a 
Perceived Usefulness (PU) 7-Likert questionnaire with 17 questions, a Perceived 
Ease of Use (PEU) 7-Likert questionnaire with 17 questions, an Attitude (ATT) 7-
Likert questionnaire with 5 questions, Behavior Intention (BI) 7-Likert questionnaire 
with 14 questions and a Previous Experience (PE) 7-Likert questionnaire with 7 
questions. Additionally, there are two Open text (OT) questions regarding general 
impressions of the application (the given answers to this part of the evaluation can be 
seen in Given answers in the nursing teacher user study (TAM) and Given answers 
Open Text opinion (OT) in Appendix 1). All those tests are based on the publications 
from Lozano et al.[6], Chen et al.[13], and Sotsenko et al. [14].  

Part (3) involves a single Pedagogical Usability (PED) 7-Likert questionnaire with 60 
questions. (This can be found in Pedagogical Usability questionnaire. Nursing 
teachers user study – part 3 in Appendix 1). Additionally, there are 9 Open text 
questions regarding the pedagogical added value of Xcalpel2.0 (OTPED) (the given 
answers to this part of the evaluation can be seen in Given answers in the nursing 
teacher user study (PED) and Given answers in Open Text opinion about the 
Pedagogical Usability (OTPED) in Appendix 1). This test is based on the publications 
from Nokelainen et al. [15] and Ogunbase et al. [16]. 

11.3 Results. User Study - Visualization Experts. Part 1: Task Times 
Table 11.2.1 shows on its left side the collection of times that each participant needed 
to complete each Task (T). Table 11.2.1 also shows Task-Question (TQ); however, 
no time is displayed for them since they did not require interaction with the 
application but the time already used in the previous related tasks. It is notable that, 
in P3’s column, some “-” symbols are presented; this is due to a failure in the 
collection process used with this participant.  
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Table 11.3.1 shows in its right side two analysis columns: (i)AVG1, which presents 
the average time in each task; and (ii)AVG2, which presents the average time in each 
group of tasks. The information from (i) is graphically displayed in Figure 11.3.1. 

Table 11.3.1. Time needed for the tasks

 

 
Figure 11.3.1. Average time needed for the tasks 

11.4 Results. User Study - Visualization Experts. Part 1: Answers 
Correction 

The collection of answers to the tasks and task-questions can be seen in Table 11.4.1 
(available in Appendix 1).  

Figure 11.4.1- Figure 11.4.3 displays the results graphically (rating for 1-to-7 
questions and positive answers for yes/no questions, respectively). 
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Figure 11.4.1. Rating for 1-to-7 TQ  (Difficulty) Figure 11.4.2. Rating for 1-to-7 TQ (Efficiency) 
  

 

Figure 11.4.3. Positive answers (yes/no TQ) 

11.5 Results. User Study - Visualization Experts. Part 2 
Figure 11.5.1, shows the collection of answers given by VE to the seven 7-liker scale 
questions (where Q stands for question). Table 11.5.1 (see in Appendix 1) shows the 
answers given by VE to the open-text questions (Q8 and Q9).  

 

Figure 11.5.1. 1-to-7 VoV questionnaire answers graph 
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11.6 Analysis of VA1. User Study - Visualization Experts. Part 1 
This analysis takes into consideration the data presented in the Subsections 11.2 and 
11.3 regarding the task from T1-1.1 to T3-1.3 as well as the personal perception of 
the performance from the participants when guiding them through their individual 
user study. The mentioned task involves three common situations that the application 
user may face, such as searching for specific data from their students or perform a 
comparative study among them.  

(i) T1-1.1 presents the situation where the application user is looking for regions of 
interest from the prototype users. The given answer from the participants were diverse 
the reason for this fact could be a poor definition of the term ‘clusters,’ missing the 
number of groups that should be in a specific-size area to be considered as a cluster. 
The range of time for performing this task is very wide 25s-160s with a performing 
time average of 74s, which are acceptable times for this task.  

(ii) T2-1.2 presents the situation where the application user is looking for similar 
behaviors among all prototype users. The range of time for performing this task is 
very wide 48s-188s with a performing time average of 107s. 

(iii) T3-1.3 presents the situation where the application user is detecting less 
interactive prototype users as well as the main focus from a specific group. All the 
participants pointed to the same user as the least interactive. The range of time for 
performing this task is very wide 76s-182s with a performing time average of 117s.  

To sum up, the VA1, viewpoint distribution visualization, seems to achieve (d) 
functional requirement completely, and achieve the (a) and (b) functional requirement 
partially, by letting an interactive visualization and comparison of all prototype users 
viewpoints beside screenshots of the viewpoints extracted from the video. VA1 
successfully allows to perform region of interest detection among the prototype users; 
searching for similar behaviors among them; as well as to detect characteristics from 
a particular prototype user as his/her main focus or interaction level.  

11.7 Analysis of VA2. User Study - Visualization Experts. Part 1 
This analysis takes into consideration the data presented in the Subsections 11.2 and 
11.3 regarding the task from T4-2.1 to T7-2.4 and TQ8-2.5 as well as the personal 
perception of the performance from the participants when guiding them through their 
individual user study. The mentioned task involves four common situations that the 
application user may face, such as searching for specific data from a 360 environment.  

(i) T4-2.1 presents the situation where the application user wants to measure the level 
of interaction or the main focus from the prototype users in a 360 environment, which 
involves fluid navigation among the quarter of this visualization approach. All the 
participants agree giving the same answer. The range of time for performing this task 
is wide 49s-106s with a performing time average of 83s. 

(ii) T5-2.2 presents the situation where the application user wants to see what happens 
in a particular viewpoint of the spherical environment. The range of time for 
performing this task is 10s-21s with a performing time average of 15s, which 
represents the shortest task performed in the user study. The short time needed, point 
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out a good level of detail and quality of the 360 image in order to avoid confusion 
among the situations.  

(iii) T6-2.3 presents the situation where the application user wants to measure the 
level of interaction among several prototype users. The range of time for performing 
this task is wide 121s-203s with a performing time average of 151s, which represents 
the largest time for performing a task since this task involves the exploration process 
of two individual groups.  

(iv) T7-2.4 (beside TQ8-2.5) presents the situation where the application user wants 
to perform a full exploration process of a prototype user. The range of time for 
performing this task is wide 26s-67s with a performing time average of 51s.  

To sum up, the VA2, viewpoints visualization over 360degree video content, seems 
to achieve (c) functional requirement completely and achieve the (a) functional 
requirement partially by providing an interactive visualization from a selected 
prototype users viewpoints in a 360 environment. VA2 successfully allows to the 
application user navigate among the quarters and measure the level of interaction and 
the main focus in a 360 environment as well as perform a correct educational 
assessment for a prototype user performance evaluation. 

11.8 Analysis of VA3. User Study - Visualization Experts. Part 1 
This analysis takes into consideration the data presented in the Subsections 11.2 and 
11.3 regarding the task from T9-3.1 to T19-5.2 and the task-questions from TQ13-3.5 
to TQ21-5.3 as well as the personal perception of the performance from the 
participants when guiding them through their individual user study. The mentioned 
task involves four common situations that the application user may face, related to 
navigation paths visualization and navigation pattern detection.  

(i)T9-3.1 and T10-3.2 present a situation where the application user wants to visualize 
the navigation paths and then to search for navigation patterns among them by 
manually removing/ adding them to the graph. The range of time for performing this 
task is 44s-133s with a performing time average of 103s for T9-3.1 and 34s-44s with 
a performing time average of 39s for T10-3.2 (although T9-3.1 and T10-3.2  involve 
similar interactions with the visualization approach, the performing time is different 
since it takes a more complex analysis to detect similarities/matches among 
navigation paths than differences). According to TQ14-3.6, the process of detecting 
a navigation pattern is neither easy or difficult and half of the participants agree that 
this is a valid visualization approach use case for extracting conclusions about similar 
behaviors among several navigation paths (according to TQ15-3.7).  

(ii) T11-3.3 and T12-3.4 present the situation where the application user wants to 
search for the interaction level of a group of prototype user. The range of time for 
performing this task is 38s-148s with a performing time average of 78s for T11-3.3 
and 25s-80s with a performing time average of 48s for T12-3.4 (although T11-3.3 and 
T12-3.4 involve similar interactions with the visualization approach, the performing 
time is almost the half. This difference points out that while using the visualization 
approach and getting used to the application, the performing time becomes notable 
lower). 
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(iii)T16-4.1 (beside TQ17-4.2) presents the situation where the application user wants 
to extract information from the info tags out of the navigation paths. The range of 
time for performing this task is 31s-93s with a performing time average of 61s, which 
are times higher than expected for this task. The participants agree according to 
TQ17-4.2 that this is a very easy way to access the information from a particular time 
of a single prototype user navigation path. 

(iv)T18-5.1 and T19-5.2 together present a full navigation pattern detection process. 
The full process involves an average performing time of 56s seconds. This means that 
the process presented in this use case is 1,8 times faster in detecting a single 
navigation pattern (and all navigation patterns inside the same sensibility factor). 
These results, together with TQ20-5.3 and TQ21-5.4 results, point out that the process 
presented in this use case of VA3 is a more effective way, for a direct search for 
navigation patterns without visual comparison with groups that do not belong to the 
same pattern. 

To sum up, the VA3, navigation path, and navigation pattern visualization graph, 
seems to achieve (a) and (b) functional requirement completely by providing 
visualization of camera data plotting, comparing the navigation paths, and detecting 
navigation patterns among the prototype users. This VA3 successfully allows 
performing visualization navigation paths by manually filter them, analyze different 
interaction levels, visualize data within the navigation paths, and automatically detect 
navigation paths according to a selected sensitivity factor. 

11.9 Analysis of VoV. User Study - Visualization Experts. Part 2  
Regarding Figure 11.5.1, it is noticeable that all the rates obtained in the 7-liker scale 
questionnaire (Q1-Q7) were answered “neither agree or disagree”, “somewhat agree” 
and “agree”. However, (i) there are two aspects of the visualization that have obtained 
the highest rating (Q2, Q3 and Q5 with the median placed in “agree”, and (ii) one 
aspect with lowest rating (Q7 with the median in neither agree or disagree). 

(i) The participants seem to agree with the idea that defends that the visualization 
provides a comprehensive and accessible overview of the data through useful 
interactive capabilities as well as showing multiples perspectives about the data. 

(ii) The participants seem neither agree or disagree that the visualization avoids 
confusing data representations.  

According to Q8 and Q9 which answers are available in Table 11.5.1 (Appendix 1) 
and the comments from the VE, the visualization approach that most participants liked 
is the VA1 because it seems to be the most useful and user-friendly, with a good 
overview and providing direct detection of the region of interest. On the other hand, 
the visualization approach that most participants disliked is the VA3 when using in 
the use-case of navigation path visualization, because it seems to be hard to use, too 
technical, messy, showing too much information in a small area. 

Although the functionality of all the visualization approaches was correct according 
to the comments from VE, they also pointed out some aspects in order to improve the 
visualizations. This feedback exposed this main points: (i) it is possible to take 
advantage of the blank spaces in the sides of all the visualization approaches to 
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display cleaner or more graphs on them; (ii) the buttons in the filtering legend are 
very small and tricky to be used; (iii) a confusing offset between the names and the 
buttons in the legend can be fix; (iv) the navigation pattern line should be thicker or 
different to the rest of navigation paths lines so that it can be easily differentiated; (v) 
when manually filtering, the usability can improve if a select all and unselect all 
buttons are added to the legend. 

11.10 Analysis of Technology Acceptance Model (TAM) 
questionnaire. User Study – Nursing Teachers   

The answers of the TAM 7-Likert questionnaires can be seen in Table 11.10.1 – Table 
11.10.5 in Given answers in the nursing teacher user study (TAM) (see Appendix 1). 
In this Subsection, an aggregated qualitative analysis of the answers given by the 
nursing teachers is showed by pointing out the main aspects that were addresses in 
each questionnaire.  

11.10.1 Perceived Ease of Use questionnaire (PEU) 
Learning curve. When learning to use Xaclpel2.0, the obstacles will be overcome, 
without problem in the learning process. The application is easy to understand and 
the steps that lead to conclusions are generally easy to remember. 

Enjoyable factor. The participants reported to be motivated when using the 
application with an enjoyable experience (assessing students' behavior) with a user-
friendly interface. One of the factors that contribute in this aspect are the interactive 
functionalities that the application offers. 

Ease of interaction with the application. The application is in general terms easy to 
be used without interfering with a normal assessing activity. The applications does 
not demand much attention and the controls can be easily understood since they are 
located in an intuitive placement. The application seems to react as expected. 

11.10.2 Perceived Usefulness questionnaire (PU) 
Video. The application offers information that is useful for improving the future 
contents of the 360degrees video recordings (to use within the prototype). 

Assessing. The application is useful to get a better understanding of how the students 
interact with the 360degrees videos, opening new evaluation possibilities. The 
application enhances the effectiveness when assessing the students’ interactions 
reducing the time of the evaluation. It allows to compare the behavior among the 
students by showing the most relevant parameters of their interaction. However, the 
functionality of all groups (regarding data comparison task) seems to show 
information whose visualization that can be improved.  

Functionality. It is reported that the number of views provided in VA2 is enough and 
the filtering functionality is useful in the medical scenario context. However, 
regarding VA3, when all the navigation paths are displayed, the application may lead 
to confusion and therefor, this visualization could be addressed differently.   

Useful for medical personnel. In general, the participants agree that the application 
is useful and helpful in the medical teaching field. 
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Teaching. Regarding the teaching field, the participants slightly agree that the 
information is useful for their professional activity improving their teaching activity 
letting them improve as nursing teachers. 

11.10.3 Attitude questionnaire (ATT) 
The participant reported that they liked the application in general. They agreed that 
the concept of Xcalpel2.0 is a good idea and the feeling when using it as positive. 
However, the application also seems to need a previous formation or a manual to learn 
the functionalities before its use. 

11.10.4 Behavior Intention questionnaire (BI) 
Other scenarios. It is strongly agreed by the participants that Xcalpel2.0 has also the 
potential to be used in other scenarios than medical. Therefore, people in other fields 
would accept it as well. 

Use in the future. The participant reported that they would like to use Xcalpel2.0 as 
a tool in their professional activity as a new way of teaching and evaluation. The 
application can be used to have an overview of the behavior of an entire class in the 
context of 360degrees video interactions. They also agree that the application would 
be accepted by both, new teachers as well as senior teachers. 

Recommendation. They would recommend and encourage their colleagues to use 
Xcalpel2.0 

11.10.5 Previous Experiences questionnaire (PE) 
Innovation. The participants reported that they were comfortable and enjoy using 
new techniques. It was also reported that the participant gets used to use new digital 
applications in a fast way. 

Technology background. However, the participants agree that this is the first time 
that they are facing an analysis application as Xcalpel2.0, not even using the web-
based application in their daily job.  

11.11 Analysis of Open Text Opinion questions. User Study – 
Nursing Teachers    

The participants expressed that, apart of the data already shown in the graphs in 
Xcalpel2.0, they would like some extra data or feature to be added. First, the 
possibility for students to send questions through the system as well as the evaluation 
of the video exercise, which would add a scalability factor since it would make it 
possible to have more than 100 students performing within the video exercise and 
only one teacher answering to questions and evaluating the interactions. Additionally, 
the participants report that it would be beneficial to implement a tagging system to 
know the profession of the actors that appear in the video.  

According to the general impression of the participants, the application is easy to use 
and the visualization of the graphs were easy to understand. The layout of Xcalpel2.0 
is nice and user-friendly. The app itself will be a good part of the evaluation of the 
students’ interactive performance as well as it has a good potential to be a bigger part 



 

48(54) 
 

in the evaluation in future interactive videos that needs more movements to be tracked 
for, e.g., looking around to find several injured peoples and make decisions regarding 
the displayed information. 

According to the received feedback regarding the educational aspect of the 
application received from NT, this mentioned information can be used in several 
ways/proposes. They exposed that the visualization approaches implemented in 
Xcalpel2.0 could help in the teaching field, in the whole assessing process, providing 
an elegant and objective analysis tool that allows them to detect similar failures 
among the students and avoiding undetected (in a live scenario) actions from the 
students.  

Additionally, this tool provides an interface that makes it possible to show to the 
students (debriefing) where their mistakes were made and also enhancing their good 
decisions supporting the evaluation with physical arguments, as well as discussing 
with them the possibilities for improvement. Also it is suitable for detecting similar 
behavior among the students. 

11.12 Analysis of Pedagogical Usability questionnaire. User 
Study – Nursing Teachers  

The answers of the TAM 7-Likert questionnaires can be seen in Table 11.12.1 in 
Given answers in the nursing teacher user study (PED) (see Appendix 1). In this 
Subsection, a qualitative analysis of the answers given by the nursing teachers is 
showed by pointing out the main aspects that were addresses in the questionnaire. 

Improving teaching. The application is not limited to the nursing teacher scenario; 
the participants feel that they can use the skills learned while using Xcalpel2.0 in the 
future, improving their knowledge when comparing with other colleagues that do not 
have access to the tool. It improves the teaching experience by providing a tool 
suitable for collaborative social evaluation. It is also agreed that this method of 
analysis improves the pedagogical method comparing with traditional methods, even 
they slightly agree that this kind of evaluation can partially or totally make 
conventional evaluation systems disappear in the future. 

Improving video. The participants admitted that by using the tool they can improve 
as pedagogical/educational video creators, so they can improve the video contents 
after displaying the results presented by Xcalpel2.0 about their student behavior. 
Additionally, by using Xcalpel2.0, they can detect aspects from the recorded video 
that were originally unexpected. They were even surprised by the behavior of some 
students when performing within the 360degrees’ video. 

Data analysis responsibility. Xcalpel2.0 allows them to control their analysis task, 
having the final responsibility as education experts for the data analysis, reaching 
different conclusions, depending on the different data displayed. 

Educational Analysis. The participants strongly agree that the information shown by 
Xcalpel2.0 is displayed in a didactical way, in the sense that a student will easily 
understand and learn from it, being able to discuss about their interactions. They also 
agree that each VA presents a different added pedagogical value, with different levels 
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of educational analysis. And, despite the lack of direct evaluation information, 
Xcalpel2.0 can be used as a complement to the information from other methods. And 
overall Xcalpel2.0 presents a didactical approach that helps to understand the 
students' interaction while using a 360degrees’ video in an educational scenario. 
Moreover, they agree that the students may get benefited after the analysis of their 
paths and patterns and share with them their results. However, it seems that it is not 
clear whether a student learns the best by a interacting learning process or with 
conventional methods. 

Assess technology acceptance. The participants strongly agree that it is possible by 
looking at the results of the analysis performed by Xcalpel2.0 to assess the level of 
technology acceptance of the students with the 360degrees interactive videos as an 
educational tool, by offering a simple visualization to complex data, through the 
different visualization approaches presented in the tool. It is possible to make the 
difference among the students that got into the use of this technology and the ones 
that did not. However, they just slightly agree that the filtering feature is correctly 
implemented for assessing the performance of the student, and therefore this can be 
improved. 

Suitability. The topic involved by Xcalpel2.0 raise interest in the participants from a 
pedagogical point of view, been suitable as an educational tool, suiting their needs 
and their educational professional skills.  

Assess transversal skills. The participants also reported that the analysis of the 
collected information will lead them to know a new dimension of transversal skills 
from their students. However, they disagree about the possibility of assessing the 
student directly just by watching the movements while performing within the video, 
being unable to distinguish among good bad decisions just with the data displayed 
during the analysis. 

Assess patterns. Moreover, this application makes it quick and easy to find a trend 
in the behavior or the students among the same 360degrees video study. 

Pre-knowledge. The participants slightly agree that it is not a proficiency level of 
knowledge about visualization methods needed, and neither, medical knowledge. 

Difficulty in conclusions. The conclusions can be drawn by following different 
method offered by Xcalpel2.0, the detection of the pattern can lead the teachers to 
draw conclusions about the aspect that catch the most interest to the student as well 
as know if they perform properly regarding previously acquired knowledge. 

11.13 Analysis of Open Text Opinion questions about the 
Pedagogical Usability. User Study – Nursing Teachers   

The participants reported that they would use the features presented in the application, 
such as pattern detection and navigation analysis in 360 videos in a teaching context 
to find out how interactive/active the students were during the interactive 360degrees’ 
trauma video exercise and to detect in which parts and places of the video the students 
were more focused. Additionally, they would use the application within a research 
context, for further development and for researching about new evaluation methods. 
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Regarding the possibility of detection of the students’ acceptance level for this type 
of technologies in the educational field, the participants reported that, although it is 
hard to evaluate if the student is wrong or right by knowing how they have navigated 
in the video, in this trauma video, the students’ performance can be questioned if they 
do not look at the patient and nurses during the exercise. The nursing teachers seems 
to be interested about knowing how students interact with 360 videos in order to find 
out if they know what is important to observe during trauma care. Also, they wanted 
to see these interactions since the students will be collaborating with other 
occupations groups in dealing with trauma scenarios. They reported that having 
access to the level of technology acceptance of their students is valuable for them, as 
teachers, to develop new lecture/ learning methods.  

They would use the information provided by Xcalpel2.0 in their teaching tasks to 
follow-up the student’s interactions during the exercise, evaluating and answering 
questions. Taking the advantage of the fact that the teacher does not need to be in the 
same room to evaluate. However, the teaches are needed in the discussion afterward 
if the student has questions after they performed within the 360degrees video. 
Moreover, Xcalpel2.0 is reported to be able to provide with information about which 
interactions are valuable to design new lectures. The teachers reported that by using 
technologies as Xcalpel2.0, their teaching tasks would be affected, letting the teacher 
to know whether the students have been active without being in the room. 

The participants explained that this application made it possible to know some 
positive aspects of the 360degrees educational approach, such as the benefit of the 
video (since Xcalpel2.0 gives information about the interactive parts that are not 
possible to find out through e.g., questions). It also allows comparing groups to each 
other. On the other hand, they reported that this application does not show any 
negative aspects of the 360degrees educational approach.   

Finally, the general impression expressed by the participants is that Xcalpel2.0 is 
adding information about the student's interactions, where they choose to look in the 
room, and for how long they do that. This application generates a pedagogical added 
information that cannot be accessed otherwise. The possibility of seeing the students’ 
interaction and where it is important to focus at different times during the video 
exercise, is one of the main pedagogical added value. Additionally, the principal valor 
from this application is the possibility to gather information that helps us develop new 
teaching approaches.  

11.14 Answers on Research Question 
RQ1.1. What are the technical requirements for creating a tool to visualize 
360 video navigation patterns? In order to answer on this question, several 
meetings with a visualization expert were conducted. The feedback/comments from 
the visualization expert were used to identify how to visualize the 360degrees dataset. 
Additionally, the initial meeting with a nurse teacher was conducted in order to gather 
initial technical requirements. As result, the final mockups (see Appendix1) were 
designed and used to develop Xcalpel2.0 application.   
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RQ1.2. What information should be provided to the viewer of the 360 
educational video navigation analysis and to what purpose? In order to answer 
on this question, several meetings with nursing teachers were conducted in order to 
discuss which information should be displayed. As result three visualization 
approaches were designed: (1) Viewpoints Distribution Visualization – which is a 
visualization approach that displays the viewpoints from all the prototype user from 
the dataset with the propose of graphically comparing the yaw and pitch data from 
the viewpoint as well as access to the view that corresponds to this viewpoint; (2) 
Viewpoints visualization over 360degree video content - which is a visualization 
approach that displays the viewpoints from a single selected prototype user inside a 
360degrees image viewer with the propose of analyze the visited viewpoints while 
being immersed in a similar environment than the prototype user; (3) Navigation path 
and navigation pattern visualization graph - which is a visualization approach that 
displays the navigation paths from all the prototype users (or single prototype user) 
from the dataset with the propose of detecting interesting behaviors while navigating 
in the 360degrees space and navigation patterns (by manually searching or 
automatically searching). 
 
RQ2. Considering the 360 educational video navigation analysis tool 
implemented, does its effectiveness and added pedagogical value represent a 
benefit for nursing teachers? The user study was conducted with visualization 
expert in order to test the functionality of the developed/implemented visualization 
approaches in Xcalpel2.0 application. Then, the second user study, performed with 
nursing teachers, was conducted in order to find out if the requirements were fulfilled 
and investigate how the proposed visualization approaches could be relevant from 
pedagogical perspective as well as testing the usability of the application and its ease 
of use. This user study also allows to probe the added pedagogical value of Xcalpel2.0 
as an analysis tool in for educational scenarios. Based on the results of this qualitative 
study, the first visualization approach, (1) Viewpoints Distribution Visualization 
presents a valuable visualization with a positive acceptation by the nursing teachers, 
satisfying the requirements by adding pedagogical value in terms of providing the 
possibility of access to new dimension of the skills and technology acceptance level 
of the students in the 360 videos in an educational scenario. This visualization also 
presents a good level of usability. The second visualization approach (2) Viewpoints 
visualization over 360degree video content was reported to be a good complement to 
the visualization (1) since the same information is displayed, but with a more direct 
approach, even been easier for the teacher to interact and discuss with a student during 
an evaluation context. And the third approach (3) Navigation path and navigation 
pattern visualization graph, presents an important added value in the sense of 
comparing the behavior students in the same environment using the same tools being 
able to detect patterns, and therefore inferring, regarding the gather information, for 
a future modification of the teaching experience. As results, it was reported that the 
requirements were fulfilled. Moreover, several suggestions for improvements were 
identified.   
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12 Conclusion and Future Work 
This paper has described the followed process in order to solve the proposed research 
questions exposed in the Problem Formulation Section. 

The problem has been addressed through a constructive and consecutive number of 
steps, carefully selecting the correct used different approaches for exploring the 
possibilities, developing the solutions, and evaluating the results. One of the most 
important point during this project that has to lead this project to a successful result 
has been the frequent meetings performed with both the group of experts and 
members of the Computer Science & Media Department from the Linnaeus 
University. These checkpoints had helped to correctly follow the methodology to get 
preliminary solutions which though a selecting and rejecting process were able to face 
unexpected situations addressing in the ending step to the final solution. The 
exploring process of the raw data was also important in order to manage the dataset 
in the most productive way, making it possible to get useful produced data and then 
display them through effective visualization approaches.  

In order to evaluate Xcalpel2.0, two user studies were performed. These involved four 
visualization experts and two nursing teachers. The user studies made it possible to 
analyze the performance of application user in standard situations regarding the three 
visualization approaches developed into Xcalpel2.0, evaluating the user experience. 
These user studies validated the proposed visualization approaches, the usability, ease 
of use, and the pedagogical value added by the application in the context of interactive 
360degrees video in educational scenarios.  

 After finishing the user studies, collecting and analyzing the results data and 
regarding the whole projects, some conclusion were drawn: (i)the technical 
requirements exposed in the method section after the meeting performed with the 
experts for creating the wanted tool, were suitable for the wanted visualization of data; 
(ii) the outcome from the result section point out that the information provided to the 
application user through the proposed visualization approaches, fulfill the technical 
requirements and allow a proper 360 video data visualization; (iii)the aspect of the 
comparison between prototype users had been successfully improved, as well as the 
analysis and visualization of the navigation patterns in a 360 space; (iv) based on the 
qualitative study performed with the nursing teachers, Xcalpel2.0 fulfill the 
requirement gathered from this target group as well as presents added pedagogical 
values throughout the different visualization approaches within the application, been 
possible to explore different aspect of the behavior of the student and its level of 
technology acceptance of this type of  learning experiences, moreover it was admitted 
by the nursing teachers that the type of analysis performed by Xcalpel2.0 and the user 
experience that it involves can affect the teaching process of the teachers as well as 
the learning process of the students in a positive way. All these aspects make of 
Xcalpel2.0 a useful tool for assessing the performance of the students with a correct 
pedagogical approach.  

As for future work, while the testing session of the project was happening all the 
visualization experts, apart from evaluating the application itself, provide valuable 
feedback about how the application could be improved in different aspects. Due to 
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the time limitations, those could not be addressed. Nevertheless, this can be an 
exciting starting point for a future upgrade implementation of the application. Mainly, 
they advised about the necessity of some features that make more comfortable the 
user experience. Those were graph resizing, graph zooming, better optimization of 
the empty spaces in the display, resizing of interaction elements (i.e., filtering 
buttons), and highlight interaction elements. Also, there is a possible future approach 
for connecting the question interaction [6] with the navigation paths/patterns and 
search which relations exist among both of them. Since, for the moment, it is not clear 
in the navigation path graph where the question appeared to the student and what was 
the given answer. To test Xcalpel2.0 application in other similar scenarios: a project 
planned which involves the creation of spherical video for other emergency scenarios 
(i.e., emergency policemen scenario) which are thought to have a new recording 
method that requires Xcalpel to be adapted in order to analyze them accurately. 
Additionally, regarding the user study performed in this project, it is noticeable that 
the low number of participants (due to the time limitations and difficult access to 
qualified participants) makes the conclusions seem to be not as robust as it could be. 
Therefore, it would be interesting to perform a user study involving a more significant 
number of participants.  
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Appendix 1 
Feedback and insights - Nursing Teacher 

The following Section, present the feedback text that was sent by the nursing teachers 
after the meeting and presentation of the mockups. 

“It is great that you work with this project and improving the possibility to evaluate 
this video. Here are some comments about the six presented mockups.”  

“1. Path comparison. This is a graph that is easy to be understood. It would be great 
if it were possible to add the pop-up images from number 6 to this comparison to have 
all that information in the same picture/graph.” 

“2. Scroll action. This evaluation would suit our next video, which is about to be 
recorded. The next video is more complex, e.g., a different environment and actors 
with different tasks located in different places in the filmed area. Comparing to this 
existing video that everyone is working at the same spot with the same goal.” 

“3. Heat map. It would be a great tool to evaluate easily the actions as well as the 
video. Perhaps it is just a sense of taste, whether it is blurred or hexagon.” 

“4. Question images. This would be great for getting an overview of the questions 
easily in the video together with a picture. If it is possible, there would be good to see 
when in the video, the questions were visualized (time and right order).” 

“5. Zoom and critical moments. This is the lowest-ranked action right now; perhaps 
this function will be useful in the next video. The students did not use the zoom so 
much so it would be hard to see the connection between critical moments and zoom 
action.“ 

“6. Pop-up images. This one added to number 1- Path comparison.” 

Feedback and insights - Visualization Expert 

The following paragraphs present a compilation of the main ideas and comment 
obtained in the meeting with the visualization expert. 

When displaying any comparison visualization, especially when searching for 
navigation paths, all groups should be displayed by default even if it may look messy. 
There should also be a filtering feature so that the application user can add/remove 
the different navigation paths in order to select which ones they want to analyze and 
assess. 

The example showed for path comparison (3-axis developed with plotly.js) maybe is 
not a correct visualization (only the visualization from one group was impossible to 
be understood). 

Regarding the heat map, it is important to be aware that it requires several points to 
be constructed. Also, in the proposed mock-up, the overlapping heat map makes it 
difficult to see the image from the room itself. About the displaying grid, four 
equirectangular images at the same time in the screen seem to be too small and 



 

2(15) 
 

technical to be useful for a teacher. Although interesting, several modifications should 
be done in heat map visualization.  

Be aware that the visualization critical moments (which is data that is known to be 
not into the dataset is very subjective to be implemented). 

Given answers in the visualization experts user study 

Table 11.4.1. Given answers to the tasks 
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Table 11.5.1. Open-questions questionnaire answers 

 

Activities. Nursing teachers user study – part 1 

Visualization Approach 1 (VA1) 
A.1.1-Filter groups. 
A.1.2-Distinguiss different groups. 
A.1.3-Make comments about the activity of a certain group. 
A.1.4-Discuss why one performance seems to be better than the other. 
A.1.5-Access to the view of certain groups. 
A.1.6-Get familiar with the possible interactions. 
A.1.7-Discuss about the meaning of the placements of the bubbles in the graph. 
A.1.8-Discuss about the meaning of the size of the bubbles in the graph. 
 
Visualization Approach 2 (VA2) 
A.2.1-Access/Compare to different groups. 
A.2.2-Navigate through the different quarters. 
A.2.3-Discuss about the placement of the bubbles. 
A.2.4-Discuss about the size of the bubbles. 
A.2.5-Discuss about the difference among groups. 
 
Visualization Approach 3 (VA3) 
A.3.1-Filter groups. 
A.3.2-Visualice the data displayed within each line. 
A.3.3-Discuss about the differences among the groups' paths. 
A.3.4-Discuss the meaning of “X groups followed the same navigation pattern”. 
A.3.5-Discuss the meaning of “group X did not follow any detected navigation 
pattern”. 
 
Technology Acceptance Model (TAM) questionnaires. Nursing teachers user 
study – part 2 

Perceived Usefulness (PU) questionnaire 
PU.1-The use of Xcalpel2.0 will improve my teaching activity and performance in 
the subject. 
PU.2- The use of Xcalpel2.0 enhances my effectiveness while assessing students' 
interactions. 
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PU.3-I believe Xcalpel2.0 is a useful comparing students' behavior/interactions. 
PU.4-I believe Xcalpel2.0 is useful for improving the content of the videos while 
future recordings.  
PU.5-The use of Xcalpel2.0 allows me to improve as a teacher.  
PU.6-The Xcalpel2.0 application shows valuable information for my professional 
activity.  
PU.7-The use of Xcalpel2.0 increases my opportunity to get a better understanding of 
how the student interacts in the 360degrees video.  
PU.8-The Xcalpel2.0 decreases my evaluation time (compared with conventional 
methods) when analyzing students' behavior/interactions.  
PU.9-The Xcalpel2.0 application opens new evaluation possibilities.    
PU.10-Xcalpel2.0 shows the most relevant parameters of the student’s interactions
  
PU.11-The analysis ALL GROUPS shows useful data for comparison.  
PU.12-The interactive functionalities can throw me into confusion about the data. 
PU.13-I found the filtering of groups is useful.  
PU.14-I found the number of views in the VA2 enough.   
PU.15-I found displaying together all the lines in VA3 will not throw me into 
confusion.  
PU.16-In general, I think an application like Xcalpel2.0 is useful in the medical 
teaching field. 
PU.17-Overall, I think that an application like Xcalpel2.0 was helpful. 
 
Perceived Ease of Use (PEU) questionnaire 
PEU.1- Xcalpel2.0 is enjoyable to be used. 
PEU.2-Learning how to use Xcalpel2.0 does not represent a problem for me. 
PEU.3- Xcalpel2.0 makes the student assessing students' behavior/interactions more 
interesting. 
PEU.4-I find interacting with Xcalpel2.0 does not demands much attention.  
PEU.5-I find easy to combine my normal assessing task with Xcaplel2.0.  
PEU.6-I think Xcalpel2.0 can be used even without previous formation.  
PEU.7-I think I will overcome any obstacles while using.  
PEU.8-I feel motivated about using the Xcalpel2.0 application.  
PEU.9-I think the Xcalpel2.0 was easy to understand.  
PEU.10-It was hard for me to remember how to achieve the goals in the Xcalpel2.0. 
PEU.11-Working with the Xcalpel2.0 app was exhausting.  
PEU.12-Overall, I consider the Xcalpel2.0 app user-friendly.  
PEU.13-It is easy for me to master the controls of the application.  
PEU.14-I think Xcalpel2.0 reacted as expected.  
PEU.15-I found that the place of interactive buttons and tabs within seems to be 
intuitive for me  
PEU.16-In general, I consider the application to be easy to use. 
PEU.17-The interactive functionalities make Xcalpel2.0 more enjoyable to use. 
 
Attitude(ATT) questionnaire 
ATT.1-I got bored while using Xcalpel2.0.  
ATT.2-I think the use of Xcalpel2.0 is a good idea.  
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ATT.3-I would be confident using Xcalpel2.0 without manual/help. 
ATT.4-I feel good towards use Xcalpel2.0 
ATT.5-I like to use Xcalpel2.0  
 
Behavior Intention(BI) questionnaire 
BI.1-I would like to use Xcalpel2.0 in the future if possible.  
BI.2-I think Xcalpel2.0 has the potential to be used in other scenarios.  
BI.3-I would recommend other people to use Xcalpel2.0. 
BI.4-If available, I intend to use Xcalpel2.0 in the next few months. 
BI.5-I would use it with my colleagues.  
BI.6-I think people in other fields would accept it. 
BI.7-I think “new teachers” will accept it immediately.  
BI.8-I think “old school teachers” will accept it immediately. 
BI.9-I will consider to use Xcalpel2.0 when I need to be fast. 
BI.10-I will consider to use Xcalpel2.0 when I need to have a brief information of a 
student. 
BI.11-I will consider to use Xcalpel2.0 when I need to have a deep information of a 
student. 
BI.12-I will consider to use Xcalpel2.0 when I need to have an overview of the 
behavior/performance of an entire class. 
BI.13-I think it would be a place in the future in the way of teaching and evaluation 
BI.14-I would use Xcalpel2.0 as a complement for my evaluation process. 
 
Previous Experiences (PE) questionnaire 
PE.1-It is the first time I use an analysis application like this. (Despite this application) 
PE.2-I have already used any web-based application.  
PE.3-I already know some app like that.  
PE.4-I use any digital application in my daily work.  
PE.5-I am comfortable using new techniques.  
PE.6-I enjoy using new techniques. 
PE.7-I get used to using new digital application fast. 
 
Open Text opinion (OT) 
OT.1-When evaluating you would need more data than those shown in the graph, this 
could be added in future implementations. (Example: “I would add/improve the utility 
X to the visualization Y). 
OT.2-Write in a few lines your general impression and what do you think of the app 
and its possible potential as a final evaluation. (This info text will be added as a very 
relevant important part on the project). 
 
Pedagogical Usability questionnaire. Nursing teachers user study – part 3 

Open Text opinion about the Pedagogical Usability (OTPED) 
Regarding the feature “Pattern detection, analysis, navigation analysis in 360 video, 
etc.” Answer OTPED.1.  
OTPED.1-How you would use this feature (and others in Xcalpel2.0) in 
teaching/research/other education related activities? 



 

6(15) 
 

Regarding the statement “We will use Xcalpel2.0 tool not for student’s knowledge 
checking but for knowing how they accept 360 technologies and interact with the 360 
video”. Answer OTPED.2 - OTPED.6. 
OTPED.2-Why you would not use this tool for checking students’ performance? 
OTPED.3-Why are you interested in knowing how students interact with 360 videos? 
OTPED.4-Why it is important to you to know this as a teacher? 
OTPED.5-How you would use the information provided by Xcalpel2.0 in your 
teaching tasks? 
OTPED.6-What would change/ how would it affect your teaching tasks? 
Regarding the statement “This application made it possible to know some positive 
aspects of the 360 educational approach”. Answer OTPED.7. 
OTPED.7-Which ones? 
Regarding the statement “This application made it possible to know some negative 
aspects of the 360 educational approach” Answer OTPED.8. 
OTPED.8-Which ones?  
OTPED.9-Write in a few lines your general impression and what do you think of the 
pedagogical added value from the application. (This info text will be added as a very 
relevant important part on the project). 
 
Pedagogical Usability Likert-questionnaire (PED) 
PED.1-When I worked with Xcalpel2.0, I felt that I, not the application, held the 
responsibility for the data analysis (I think I have the final responsibility when 
checking/proving student’s technology acceptance of 360 interactive videos as an 
educational tool.)  
PED.2-When I worked with Xcalpel2.0, I felt that I can use using Xcalpel2.0 tool for 
knowing/checking/proving student’s technology acceptance of 360 interactive videos 
as an educational tool. 
PED.3-When I worked with Xcalpel2.0, I felt that I get a fair view of the student’s 
technology acceptance of 360 interactive videos as an educational tool  
PED.4-When I worked with Xcalpel2.0, I felt that the analysis of the collected data 
will lead me to the knowledge of a new dimension of transversal skills from the 
students. 
PED.5-When I worked with Xcalpel2.0, I can improve my pedagogical skills. 
PED.6-When I worked with Xcalpel2.0, I can make the difference between a student 
that accepts 360 interactive videos as an educational tool and a student who is not 
accepting 360 interactive videos as an educational tool  
PED.7-When I worked with Xcalpel2.0, I as an educational video creator can 
improve.  
PED.8-When I worked with Xcalpel2.0, I as an educational video creator, can detect 
aspects of the recorded video that was unexpected at the beginning.  
PED.9-When I worked with Xcalpel2.0, me as an educational video creator, I was 
surprised by the behavior of some students.   
PED.10-Before Xcalpel2.0 was implemented I have another mean to understand the 
navigation path of the students after their performance.  
PED.11-I can improve as a nursing teacher with Xcalpel2.0 after watching the 
analyzed the interaction in of my students while watching 360 interactive videos. 
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PED.12-I can improve the video content with Xcalpel2.0 after watching the analyzed 
the interaction in of my students while watching 360 interactive videos.  
PED.13-I feel that although the evaluation requires the same steps, I am reaching 
different conclusions, depending on the data displayed.  
PED.14- When I worked with Xcalpel2.0, I felt that I controlled what it does and not 
vice versa. (Xcalpel2.0 does not lead me from one step to another, but I can choose 
by myself in which order I want to perform my analysis task).  
PED.15-I have to think and make my own evaluation decision/interactions while 
using Xcalpel2.0 to achieve the analysis that I want.  
PED.16-Xcalpel2.0 offers different levels of educational analysis.  
PED.17-Xcalpel2.0 requires being very focused to get conclusions out of the 
displayed results. 
PED.18- Xcalpel2.0 offers different analysis, I need to use all in a predefined order 
to be able to analyze the interaction of an student.  
PED.19- Xcalpel2.0 requires me to have a big knowledge concerning the visualization 
method. 
PED.20- Xcalpel2.0 displayed the information in a didactic way (If shown to the 
student he will understand the information displayed).  
PED.21- It is possible to point to a student his/her bad/good decision by using the 
displayed information so s/he will improve in the next use of a 360 interactive video 
as an educational tool  
PED.22- It is possible to detect similar patterns with the information displayed. 
PED.23- Detecting a similar patter can lead to the teacher to extract a conclusion 
about what is the most interesting view from the students and therefore see if the 
knowledge previously taught during the lessons is incorporated in the student 
interactions while using 360 interactive videos as an educational tool.   
PED.24- Xcalpel2.0 can lead the teacher to problems since there is not throwing a 
pre-defined conclusion when assessing the interaction of the students.  
PED.25- Xcalpel2.0 does not display “direct evaluation information” (such as a 
number of correct answers), however, the displayed material can be complementary 
to the “direct evaluation information.  
PED.26-When I use Xcalpel2.0 I think I have more knowledge about my students 
than a colleague that is not using Xcalpel2.0.   
PED.27-I think Xcalpel2.0 is an application for collaborative social assessment (I 
would using with a colleague to show him/her how a student is using 360 interactive 
videos as an educational tool).  
PED.28-If the interaction visualization of a group in Xcalpel2.0 is showed to that 
group (by the teacher), would the group be able to understand it and discuss their 
interactions?  
PED.29-If the interaction visualization of a group in Xcalpel2.0 is showed to that 
group (by the teacher), would the group be able to understand it and discuss their 
interactions, and therefore checking their technology acceptance of 360 interactive 
videos as an educational tool  
PED.30-Xcalpel2.0 offers me simple visualization for complex data that let me prove 
student’s technology acceptance of 360 interactive videos as an educational too. 
PED.31- Xcalpel2.0 offers me versatile visualizations that let me prove student’s 
technology acceptance of 360 interactive videos as an educational too.  
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PED.32-I think that the more I use the application the more knowledge I will be able 
to extract from the same piece of information.  
PED.33-Xcalpel2.0 tells me clearly what educational information I am supposed to 
extract in each visualization.   
PED.34-I think those visualizations are suitable for an educational approach. 
PED.35-I think this application is not strictly limited to the nursing teacher scenario. 
PED.36-I think the students may get benefited after I analyze their paths and patters 
(and share the result with them).  
PED.37-I feel that I will be able to use the skills and knowledge I got from Xcalpel2.0 
in the future.  
PED.38-If comparing “direct evaluation” means + Xcalpel2.0-features with just using 
plain “direct evaluation” means. After using Xcalpel2.0 I can make the statement 
(based on the analysis of the data from the students) “a student learns the best by 
interactive learning process (compared with conventional learning tools)”.  
PED.39-I feel that this application has been designed for me (or to colleagues with 
similar aptitudes).  
PED.40-The educational material offered by Xcalpel2.0 suits your own needs, and it 
does not feel that you are considered too smart or too “noob”. 
PED.41- Xcalpel2.0 to suits my educational professional skills.   
PED.42-The images in VA1 help me to understand the level technology acceptance 
of 360 interactive videos as an educational tool from my students”.   
PED.43-The images in VA1 help me to compare the level technology acceptance of 
360 interactive videos as an educational tool among my students”.  
PED.44-The filtering feature presented in different VAs helps me to understand the 
level technology acceptance  of 360 interactive videos as an educational tool from my 
students”.   
PED.45-The filtering feature presented in different VAs helps me to compare the 
level technology acceptance of 360 interactive videos as an educational tool among 
my students”.  
PED.46-The animations in the transition in the graphs (when filtering paths or 
viewpoints) distract me from understanding the level technology acceptance of 360 
interactive videos as an educational tool from my students”.   
PED.47-It is more useful to me to teach topics using this learning material (360 videos 
+ Xcalpel2.0) than with conventional methods.  
PED.48-I think Xcalpel2.0 allows me to perform an objective check of student’s 
technology acceptance of 360 interactive videos as an educational tool  
PED.49-I feel encouraged to analyze, compare and assess (student’s technology 
acceptance of 360 interactive videos as an educational tool) when using this 
application.  
PED.50-I am interested in the topic that involves Xcalpel2.0.  
PED.51-Xcalpel2.0 required me to have previous 360degrees video 
knowledge/experiences.   
PED.52-Xcalpel2.0 required me to have previous visualization knowledge.  
PED.53-Xcalpel2.0 required me to have previous medical knowledge.  
PED.54-Each VA presents a different added pedagogic value.   
PED.55-Each VA, although the same “raw data” is displayed, different aspects of the 
student interaction/behavior can be extracted from them   
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PED.56-Overall, I think Xaclpel2.0 present a didactical approach that helps to 
understand the student interaction while using a 360degrees educational scenario. 
PED.57-I can use different pedagogical approaches/techniques when using in 
Xcalpel2.0  
PED.58-This educational material makes it quick and easy for me to find an anomaly 
behavior from one student when using 360 interactive videos as an educational tool. 
PED.59-This learning material makes it quick and easy for me to find a trendy 
behavior from the student class.  
PED.60-This kind of analysis can totally make conventional education disappear/ 
drastically transform (in the long term future). 
 
 
 
 
Given answers in the nursing teacher user study (TAM) 

Table 11.10.1. Given answers to PU 7-Likert questions 

 
Table 11.10.2. Given answers to PEU 7-Likert questions 



 

10(15) 
 

 

 

Table 11.10.3. Given answers to ATT 7-Likert questions 

 
Table 11.10.4. Given answers to BI 7-Likert questions 
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Table 11.10.5. Given answers to PE 7-Likert questions 

 
 

 

 

Given answers in the nursing teacher user study (PED) 

Table 11.12.1. Given answers to PED 7-Likert questions 
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Given answers in Open Text opinion (OT) 
  
OT.1 
-“Possibility for students to send questions through the system and evaluation of the 
video exercise”. 
-“That would make it possible for the teacher to have >100 of students performing 
the video exercise and only have one teacher to responding to questions and 
evaluating the interactions”. 
-“To add the answers for the questions and right/ wrong answers into the evaluation”. 
-“I would like to know the profession of the actors in the video”. 
   
OT.2 
-“The app is easy to use and has a nice layout. The app will be a good part of the 
evaluation of the student’s interactive performance. The other parts will include how 
the student answered the questions and the discussion within the groups, (if they are 
working with the video in groups)”.  
-“It has a good potential to be a bigger part in the evaluation in future interactive 
videos that needs more movements for, e.g., looking around to find several injured 
peoples and make decisions”. 
-“I think that it was user-friendly and the visualization of the graphs was easy to 
understand”. 
  
Given answers in Open Text opinion about the Pedagogical Usability (OTPED) 
  
OTPED.1  
-“To find out how interactive/active the students were during the interactive 360-
degrees trauma video exercise”. 
-“For further development”. 
-“For evaluation and research”. 
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-“To see what part and place in the video that the students were focusing on. (This 
will be important in further developed video exercises)”. 
-“Primarily within the teacher group to evaluate where the students focus. To develop 
new evaluation methods”. 
   
OTPED.2 
-“In this trauma video, the interactive part of looking around the room is limited. But 
the students’ performance can be questioned if they do not look at the patient and the 
nurses during the exercise”. 
-“I have a hard time seeing how I can graduate if the student is “wrong” or “right” by 
how they have navigated in the video”. 
   
OTPED.3 
-“To find out if they know what is important to observe during trauma care”. 
-“As our students collaborate with other occupation groups in dealing with trauma. I 
want to see this interaction”. 
  
OTPED.4  
-“To know where to look in the room requires some base knowledge of trauma care”. 
-“To develop new lecture/ learning methods”.  
   
OTPED.5 
-“To follow-up the student’s interactions during the exercise”. 
-“The teacher does not need to be in the same room to evaluate this, by using 
Xcalpel2.0”. 
-“The teaches are however needed in the discussion afterward if the student has 
questions after they watched the video”. 
-“Evaluating”. 
-“Sending in questions”. 
-“Also, Xcalpel2.0 provides me with information about which interaction is valuable 
to design new lectures about”. 
  
OTPED.6  
-“It would give the teacher some control of that the students have been active without 
being in the room”. 
-“See the previous answer”. 
   
OTPED.7  
-“The benefit of the video”. 
-“Xcalpel2.0 gives information about the interactive parts that are not possible to find 
out through e.g., questions”. 
-“It also allows comparing groups to each other”. 
-“Where the students put their focus. Important for us as them our several professional 
groups looking at the video”. 
   
OTPED.8 
NONE. 
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OTPED.9  
“The general impression is that Xcalpel is adding information about the student's 
interactions and where they choose to look in the room and for how long they do that. 
This information is not possible to get otherwise. The pedagogical added value is to 
see if the students now where it is important to focus at different times during the 
video exercise”. 
“The biggest valor with the application is to see it that it helps us develop new 
teaching methods as we get feedback on where the students put their focus”.  
  
  
 

 


